Glyphosate-resistant (GR) corn may be a major component of new cropping systems to optimize the use of limited irrigation water supply while sustaining production. Because atrazine is an important tool for residual weed control in GR corn, we examined atrazine binding to soil, dissipation, movement, and early season weed control in limited and full irrigation cropping systems. Th ese systems included continuous corn under conventional tillage and full irrigation (CCC-FI) and under notillage and defi cit irrigation (CCC-DI), a sunfl ower-wheat-corn rotation under no-tillage and defi cit irrigation (SWC-DI), and a wheat-fallow-wheat-corn rotation under no tillage and natural precipitation (WFWC-NP). Crop rotation and herbicide use history infl uenced atrazine behavior more than amount or type of irrigation. Atrazine dissipated more rapidly in the top 30 cm of soil in the CCC-FI and CCC-DI plots (half-life [T 1/2 ] = 3-12 d), which had received previous applications of the herbicide, compared with the SWC-DI and WFWC-NP plots, which had no history of atrazine use (T 1/2 = 15-22 d). Laboratory assays indicated that the diff erent rates of degradation were at least partly due to diff erences in microbial degradation in the soil. Atrazine moved the most in the top 30 cm in the SWC-DI and WFWC-NP plots. Th is greater movement is probably due to the slower rate of atrazine degradation. Studies of the behavior of pre-emergence herbicides in new limited irrigation cropping systems must consider all characteristics of the systems, not just amount and timing of irrigation.
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Behavior of Atrazine in Limited Irrigation Cropping Systems in Colorado:
Prior Use Is Important Dale L. Shaner* and Lori Wiles USDA-ARS Neil Hansen Colorado State University I rrigated agriculture in Colorado is facing declining water supplies. Statewide studies in Colorado project a 20% loss in irrigated acreage in the highly productive areas of the Front Range over the next 25 yr (Colorado Water Conservation Board, 2004) . Survival of irrigated agriculture will require abandoning the previous paradigm of maximizing production through full irrigation and changing cropping practices to maximize net economic output per unit of water consumed. In the Great Plains, this will require changes in tillage systems, crop rotations, and other cultural practices that conserve soil moisture.
Strategies to conserve water will create opportunities for more effi cient weed management but may also lead to new weed problems. Pre-emergent herbicides require rainfall or irrigation to move the herbicides into the weed seed zone and to make it available to germinating seedlings. Th us, the timing of irrigation and the amount of irrigation after herbicide application are critical in determining the effi cacy of these herbicides. In addition, the rate of dissipation of soil-applied herbicides is dependent on soil moisture. Th e half-life of metolachlor (2-chloro-N-(6-ethyl-o-tolyl)-N-(2-methoxy-1-methylethyl) acetamide), sulfentrazone (N-[2,4-dichloro-5-[4-(difluoromethyl)-4,5-dihydro-3-methyl-5-oxo-1H-1,2,4-triazol-1-yl]phenyl] methanesulfonamide), and isoxafl utole (5-cyclopropyl-1,2-oxazol-4-yl α,alpha,α-trifl uoro-2-mesyl-p-tolyl ketone) can increase two-to fourfold under dry versus moist soil conditions (Taylor-Lovell et al., 2002; Ohmes et al., 2000; Dinelli et al., 2000) . A decrease in the rate of degradation of an herbicide can lead to increased carryover to sensitive follow-crops.
One of the best ways to increase soil water storage is to reduce tillage (Peterson and Westfall, 2004) . However, in the absence of extensive tillage, the dependence of weed control on herbicides increases. Herbicide effi cacy, particularly with soil-applied herbicides, is also dependent on tillage systems. Under no-till systems, only pre-emergent herbicides that do not have to be mechanically incorporated can be used. Th ese herbicides can be bound to crop residue (Locke and Bryson, 1997; Selim and Zhu, 2003) . Rates of herbicide dissipation are also more rapid in no-till versus conventional till systems, presumably due to the higher microbial activity in the no-till systems (Levanon et al., 1994) .
A research program, the Irrigation Water Optimization Project (IWOP), was begun in 2005 at Colorado State University to develop cropping systems to optimize the use of limited irrigation water supply while sustaining production (Hansen, 2006) . Th is project is examining diff erent irrigation regimes and cropping patterns. Th e irrigation regimes include: (i) full irrigation, which is based on crop water use and evapotranspiration; (ii) defi cit irrigation, in which the water supply is reduced below maximum levels and mild stress is allowed during the vegetative stages of growth (FAO, 2002) ; and (iii) natural precipitation. Th e crop rotations include a rotation of 4 yr of corn followed by 4 yr of alfalfa under conventional tillage and full irrigation as well as the same rotation under no-tillage with defi cit irrigation, a sunfl ower-wheat-corn rotation under no tillage with defi cit irrigation (SWC-DI), and a wheat-fallow-wheat-corn rotation under no tillage and natural precipitation (WFWC-NP). Weed management is critical for the success of any of these rotations to minimize water use by the weeds as well as to maximize crop yields.
In the corn rotations, glyphosate-resistant (GR) corn is planted and treated with atrazine (6-chloro-N-ethyl-N'-(1-methylethyl)-1,3,5-triazine-2-4-diamine) to provide residual weed control of many broadleaf and grassy weeds. Th e movement and dissipation of atrazine is infl uenced by cropping and tillage practices. Atrazine adsorbs more tightly to the top 3 cm of soil taken from a conservation tillage system compared with soil from a conventional tillage system due to an increase in soil organic matter (SOM) under the conservation tillage system (Novak et al., 1996) . Hall et al. (1998) and Sigua et al. (1995) found that atrazine leached more under no-tillage systems compared with conventional tillage, but other research has found no relationship between tillage and atrazine leaching (Fermanich et al., 1996; Weed et al., 1995) .
Enhanced atrazine degradation in soil from fi elds that have a history of atrazine application has been reported (Houot et al., 2000; Zablotowicz et al., 2006; Krutz et al., 2007 Krutz et al., , 2008 . A loss of residual weed control after atrazine application in corn has been reported by farmers and extension agents in Colorado and Mississippi Krutz et al., 2007 Krutz et al., , 2008 .
Enhanced atrazine degradation could threaten an important component of weed control in GR corn. Th e recent selection of GR biotypes of Palmer amaranth (Amaranthus palmeri S. Wats.), common ragweed (Ambrosia artemisiifolia L.), giant ragweed (Ambrosia trifi da L.), and horseweed (Conyza canadensis (L.) Cronq.) (Heap, 2008) has placed even greater pressure on the use of a soil residual herbicide in GR corn. One of the major recommendations for managing these GR biotypes is the use of atrazine preemergence (Prostko, 2009) . If farmers depend on the soil residual activity of atrazine to manage weeds before glyphosate application, enhanced atrazine degradation could result in more weeds to be controlled with glyphosate and poor control of GR biotypes. Enhanced atrazine degradation could also result in larger weed populations exposed to selection pressure for glyphosate resistance. Zablotowicz et al. (2007) reported that they could detect enhanced atrazine degradation in soil from fi elds in Mississippi that had only received one atrazine application. Although we have previously reported that enhanced degradation of atrazine is present in growers' fi elds in eastern Colorado that had received atrazine for at least 5 yr , we do not know how rapidly enhanced atrazine degradation can build up in the soil in Colorado.
Th e IWOP provided an opportunity to evaluate the behavior of atrazine under diff erent cropping systems. Th e tests were established in fi elds that had not been treated with atrazine for at least 10 yr before establishment of the trials. Th e objectives of this research were to (i) determine the movement and dissipation of atrazine in plots with diff erent cropping, water, and herbicide use histories and (ii) to determine the relationship between atrazine dissipation and weed control.
Materials and Methods

Study Fields
In 2007, the research was conducted on a furrow irrigated fi eld (Field 1) and a fi eld irrigated with an overhead linear sprinkler (Field 2) on the Colorado State University Agricultural Research Development and Education Center close to Fort Collins, CO. Th e two fi elds were approximately 2 km apart in diff erent parts of the research farm. Th e research was done on Field 2 only in 2008. Th e experimental design was a randomized complete block with treatments replicated four times. In Field 1, plots were 91.4 by 9.1 m with 12 0.76-m rows. In Field 2, plots were 30 m by 9.1 m with 12 0.76-m rows. Th e irrigation and rainfall events for each cropping system, fi eld, and year are shown in Fig.  1 . Soil characteristics, herbicide use history, and cultivation practices are reported in Table 1 . Total soil carbon was determined on a combustion furnace analyzer (Nelson and Somers, 1996) . Inorganic C was measured using a modifi ed pressure calcimeter method (Sherrod et al., 2002) . Soil organic C was calculated as total C from dry combustion minus inorganic C (Nelson and Somers, 1996; Sherrod et al., 2002) . Th e crop rotations for each year in both fi elds are shown in Table 2 .
Continuous corn 'Garst 8827' (Garst, Slater, IA) was planted in conventionally tilled, full-irrigation plots (CCC-FI) at both sites on 8 May 2007 at a rate of 76,000 seeds ha −1 . Terbofos (Amvac Chemical Corp., Los Angeles, CA) at 1.6 kg ha −1 was applied over the row with the seed. Th e same variety of corn was planted in the no-till, defi cit-irrigation continuous corn (CCC-DI) and the no-till, sunfl ower-wheat-corn, defi citirrigation plots (SWC-DI) on 10 May 2007 at a rate of 57,000 seeds ha . Atrazine (Aatrex 9.0; Syngenta Crop Protection, Inc., Greensboro, NC) was applied to all the plots on 11 May 2007 with a fl at fan sprayer set to deliver 140 L ha −1 at a pressure of 207 kPa. Th e CCC-FI, CCC-DI, and SWC-DI plots received 1.68, 1.68, and 1.12 kg a.i. ha −1 of atrazine, respectively. On Field 1, alternate irrigation furrows were reformed with a ridge-type cultivator on 6 June 2007.
Corn 'Pioneer 37Y14' and '38P43' (Pioneer Hi-Bred International, Inc., Johnston, IA) was planted on all the corn plots on 30 Apr. 2008 at a rate of 76,000 seeds ha
. A combination of atrazine, metolachlor, and glyphosate was applied on all the corn plots on 21 May 2008 with a fl at fan sprayer set to deliver 140 L ha −1 at a pressure of 207 kPa. All plots received 1.54 and 1.40 kg a.i. ha −1 of atrazine and S-metolachlor (Bicep-Lite; Syngenta Crop Protection, Inc., Greensboro, NC), respectively, and 0.96 kg a.e. ha −1 of glyphosate (Weathermax; Monsanto Co., St. Louis, MO).
Soil Collection
In 2007, soil was collected from each plot at 1 d before herbicide application and at 5, 12, 19, 26, 33, 47 , and 62 d after treatment (DAT). In 2008, soil was collected from each plot on 18 April before herbicide application on 21 May; and at 8, 15, 21, 29, 40, and 54 DAT. At each collection, three cores were removed from the middle of four rows using a zero-contamination plastic tube (2.3 cm diam. × 30 cm inner dimensions) (Clements Associates Inc., Newton, IA). Collection sites were chosen at random within the rows from each plot. Th e soil cores were placed in a cooler and transported to the laboratory, where they were frozen at −80°C until analyzed. For analysis, each core was divided into four sections (0-7.5, 7.5-15, 15-22.5, and 22.5-30 cm), and the sections from the three columns of a plot were combined and mixed thoroughly.
Determination of Atrazine Binding to Soil
Soil from each plot from the 0-to 7.5-cm level was collected before atrazine application, air dried, and sieved through a 2-mm mesh. Ten grams of air-dried soil was placed in a 50-mL centrifuge tube with a Tefl on-lined cap. Ten milliters of 0.02 mol L −1 CaCl 2 with 0.0005 mol L −1 HgCl 2 solution containing analytical grade atrazine (Sigma-Aldrich, Milwaukee, WI) at a concentration of 1 mg L −1 was added to each tube, and the tube was shaken for 24 h. Preliminary studies revealed that equilibrium had been reached by this time. Th e samples were removed from the shaker and centrifuged for 20 min at 2000 × g. Th e supernatant (700 μL) was transferred to a 0.22-μm Tefl on fi lter inserted in a microfuge tube (Ultrafree-MC; Millipore Corporation, Bedford, MA) and fi ltered by centrifuging at 4000 × g for 5 min. Th e fi ltrate was transferred to a 1.5-mL high-performance liquid chromatography (HPLC) vial and analyzed with a high-performance liquid chromatograph equipped with a photodiode array detector (SPD M 10A; Shimadzu Scientifi c Instruments, Inc., Columbia, MD). Analytes were separated on a C 18 column (Alltech Econosphere; Alltech Associates, Inc., Deerfi eld, IL). Th e mobile phase was acetonitrile (5 m mol L −1 ammonium acetate adjusted to pH 5. 2 [35:65 v/v] ) and was run isocratically at 40°C at a fl ow of 1 mL min −1 . Th e injection volume was 100 μL. Atrazine was detected at 223 nm, and the retention time was 8.7 min. Th e limit of quantifi cation was 10 μg L −1 (n = 8). Each measurement was replicated four times.
Atrazine Soil Extraction
Ten grams of soil were placed into a 50-mL centrifuge tube with a Tefl on-lined cap, and 10 mL water and 10 mL water-saturated toluene were added. Th e tube was shaken horizontally for 2 h on a reciprocating shaker. Samples were removed from the shaker and centrifuged for 20 min at 2000 × g. Two milliliters of the toluene phase were transferred to a 2-mL volumetric tube, to which 10 μL of 0.1 mg mL −1 butylate internal standard solution was added. Quality control samples were included with each run and showed that the extraction effi ciency for atrazine was 93 to 99%. Th e quality control samples consisted of spiking dry soil with 50 and 500 μg atrazine g −1 and were extracted as previously described. Th e herbicide concentrations in the toluene phase were analyzed using a gas chromatograph equipped with a mass spectrometer (Shimadzu GC-17A and GC-MS QO 5050A; Shimadzu Scientifi c Instruments, Inc., Columbia, MD) and monitoring the masses for butylate (m/z 146) and atrazine (m/z 200). A RTX-5 30-m by 0.25-mm column (Restek, Bellefonte, PA) was used with a fl ow of helium at 1 mL min −1 . Th e injection and detector temperature was 280°C. Th e procedure for detecting atrazine was as follows: initial oven temperature was 130°C (held for 1 min), which was ramped at 20 C min −1 to 250°C and then held at 250°C for 1.5 min with a run time of 10 min. Under these conditions, the retention times of butylate and atrazine were 4.2 and 6.1 min, respectively. Th e quantitative detection limit was 5 μg kg −1 of soil (n = 8). Th e amount of water in each sample was determined by drying a sample at 105°C and determining the weight before and after drying. Th e amount of herbicide extracted from the soil was adjusted to the dry weight of soil.
Laboratory Assay of Atrazine Degradation
Soil samples from the 0-to 7.5-cm level were taken from each plot on 30 May 2007 and 18 Apr. 2008 and composited. Atrazine degradation rates were determined by the method described in . Fifty grams of soil were weighed into a 125-mL glass container, and 7.5 mL of 5 mg L −1 atrazine was added to each sample. Th e container was capped with a Tefl on-lined lid and incubated at 25°C. Atrazine was extracted from the soils at 0, 1, 2, 4, 7, and 14 d after treatment by weighing between 1.5 to 3 g of moist soil into a 15-mL conical tube, adding a volume of water (1:1 w/v), and vortexing the soil-water suspension twice for 10 sec. Th e soil-water suspension (1.5 mL) was transferred to a 1.5-mL microfuge tube, and the tube was centrifuged at 20,000 × g for 15 min. Th e supernatant (700 μL) was transferred to a 0.22-μm Tefl on fi lter inserted in a microfuge tube and fi ltered by centrifuging at 4000 × g for 5 min. Th e fi ltrate was transferred to a 1.5-mL HPLC vial and was analyzed with an high-performance liquid chromatograph equipped with a photodiode array detector as previously described. Each sample was replicated two times, and the experiment was repeated.
Weed Seedling Count
Weeds were identifi ed and counted at six locations in each plot on 18 June 2007 (31 DAT) and 1 July 2008 (41 DAT). Sample quadrats were the area between two adjacent crop rows Table 2 . Herbicide application history for the fully irrigated and defi cit-irrigated continuous corn and the defi cit-irrigated sunfl ower-wheat-corn, defi cit-irrigated corn-sunfl ower-wheat, and defi cit-irrigated wheat-fallow-wheat rotations. .36 † CCCC-DI, continuous corn, defi cit irrigation; CCCC-FI, continuous corn, fully irrigated; CSWC-DI, corn-sunfl ower-wheat-corn rotation, defi cit irrigation; SWCS-DI, sunfl ower-wheat-corn-sunfl ower rotation, defi cit irrigation; WFWC-NP, wheat-fallow-wheat-corn rotation, natural precipitation. for 1.52 m of a row. Th ese were randomly located in the center 26 m of plot with one quadrat in each of the inner six rows.
Data and Statistical Analysis
Atrazine dissipation in the laboratory and fi eld studies was fi tted to Eq. [1]:
where C 0 is the concentration of atrazine in soil at time zero (mg kg −1 ), k is the fi rst-order rate constant (d −1 ), and t is time (d). Half-life (T 1/2 ) values for atrazine in soil were calculated from Eq. [2]:
Th e half-lives of atrazine in the laboratory and fi eld studies, as well as the concentration of atrazine in diff erent soil layers, and the binding of atrazine to the soil samples (K d ) were subjected to ANOVA (SigmaStat 2.03; Systat Software Inc., Point Richmond, CA). Treatment means were separated at the 5% level of signifi cance using the Tukey test. Weed counts were log-transformed for analysis and analyzed separately for each fi eld. Analysis of variance was conducted with a mixed linear model using the method of restricted maximum likelihood and with replication as a random eff ect to allow for diff erent variances among treatments and (SAS Institute, 2006). Means were separated with Tukey-Kramer multiple comparison test (SAS Institute, 2006) .
Results and Discussion
Atrazine-Soil Interactions
Atrazine bound more tightly to the soil from Field 1 compared with Field 2 (Table 3) . Th ese diff erences in atrazine binding were likely due to the soil texture and soil organic matter (SOM) content in each fi eld (Table 1) . Th e primary soil factors aff ecting atrazine binding are SOM and soil texture (Talbert and Fletchall, 1965; Weber et al., 1969; Weber, 1966; Gunther and Gunther, 1970) . Th e soil from Field 1 had higher clay content and SOM compared with Field 2. Within each fi eld, there were no signifi cant diff erences in the binding of atrazine to the soil among the diff erent rotations.
Atrazine Dissipation
In 2007, atrazine dissipated more rapidly from the top 30 cm of soil in the CCC-FI and CCC-DI plots compared with the SWC-DI plots in both fi elds, but there was not a signifi cant diff erence in the rate of degradation between CCC-FI and CCC-DI (Table 4) (Tables 4 and 5) . Th e most rapid rate of degradation occurred in the continuous corn plots and in the plots that had received one application of atrazine in 2005 (Table 5) . Th e slowest rate was in the WFWC-NP rotation that had not received atrazine for at least the last 10 yr. and Aislabie et al. (2004) also found that one application of atrazine can increase the rate of dissipation of the herbicide compared with soil that has never received atrazine. Th ese results suggest that there has been a change in the ability of soil to degrade atrazine with the use of atrazine, although other factors, such as cropping history and irrigation amounts, could have contributed to the diff erences seen in the fi eld.
A lab assay was conducted to determine if the diff erences in the rate of atrazine dissipation among the soils was due to something in the soil or to the environmental conditions in the fi eld. Degradation rates of atrazine in soil from the diff erent plots were compared. In 2007, the lab assay showed that atrazine disappeared more rapidly from the soil in plots from CCC-FI and CCC-DI compared with soil from SWC-DI plots from both fi elds (Table 6 ). When the same assay was run on soils taken from the diff erent plots before herbicide application in 2008, there was also a major diff erence in the rate of atrazine dissipation in the lab among the soils. Th e most rapid degradation occurred in soils taken from the continuous corn plots that had received multiple application of atrazine (Table 6 ). Th e soil that was taken from the SWC plots that had received one application of atrazine in 2007 was able to degrade atrazine as rapidly as the soil that had received multiple applications of the herbicide (Table 6). Th e soil taken from the plots that had received atrazine 
12.5b 9.5b CCC-DI 8.9b 8.5b SWC-DI 19.3a 19.7a LSD (0.05) 2.5 1.7 † Values followed by the same letter are not signifi cantly diff erent (P < 0.05). ‡ CCC-DI, continuous corn, defi cit irrigation; CCC-FI, continuous corn, fully irrigated; SWC-DI, sunfl ower-wheat-corn, defi cit irrigated. Cropping pattern Atrazine degradation (T 1/2 ) d CCCC-FI ‡ 3.9b CCCC-DI 3.5b CSWC-DI 2.8b WFWC-NP 13.9a LSD (0.05) 1.6 † Values followed by the same letter are not signifi cantly diff erent (P < 0.05). ‡ CCCC-DI, continuous corn, defi cit irrigate; CCCC-FI, continuous corn, fully irrigated; CSWC-DI, corn-sunfl ower-wheat-corn, defi cit irrigated; WFWC-NP, wheat-fallow-wheat-corn, natural precipitation. only in 2005 degraded atrazine signifi cantly slower compared with the soils that had been treated with atrazine in 2007. Th e slowest rate of degradation occurred in the soils taken from the plots (SWC-DI and WFWC-NP) that had not received atrazine for at least 10 yr (Table 6) .
Th ese results indicate that the diff erences in atrazine dissipation in the fi eld were due, at least in part, to inherent diff erences in the ability of the soils to degrade atrazine. Th e selection for enhanced atrazine degradation through the continuous use of the herbicide has been discovered in many areas throughout the world. Zablotowicz et al. (2006 Zablotowicz et al. ( , 2007 , Aislabie et al. (2004) , and Houot et al. (2000) have also found accelerated atrazine degradation in soils from fi elds in Mississippi, New Zealand, and France, respectively, that had received the herbicide for only two seasons. Th ese previous studies were done in the laboratory, but our results show that fi eld dissipation also occurs much more rapidly in soils that had previously received two applications of atrazine compared with a fi eld that had not been treated with the herbicide.
Movement of Atrazine in the Soil Profi le
Th e distribution of atrazine within the top 30 cm of the soil in each plot was determined. Th e majority of the herbicide remained in the top 7.5 cm of soil, although detectable levels of atrazine could be found at 22.5 to 30 cm in all the treatments, particularly early in the season (Fig. 2 and 3) . However, there were diff erences in the movement of atrazine between fi elds and among plots. In 2007, more atrazine was found in the lower soil profi les in Field 2 with the overhead sprinkler irrigation compared with Field 1 with furrow irrigation (Fig. 3  and 4) . In both fi elds, there was greater movement of atrazine in the SWC-DI plots compared with either of the continuous corn plots (Fig. 2 and 3 ). In 2008, there were also diff erences in the leaching of atrazine among the diff erent cropping patterns. Th e total amount of leaching increased with WFWC-NP > corn-sunfl ower-wheat-corn, defi cit irrigation [CSWC-DI] > CCCC-DI = CCCC-FI (Fig. 4) .
Multiple factors aff ect the leaching of atrazine and other herbicides. Th ese factors include the binding of the herbicide to the soil, the rate of water movement, and the rate of metabolism of the herbicide (Weber et al., 2007; Azevedo et al., 2000) . Atrazine moved the least in the continuous corn plots and the most in the plots that followed wheat. Atrazine dissipated much more rapidly in the continuous corn plots; hence, there was less herbicide to be leached with time.
Th e diff erences in atrazine leaching between furrow irrigation versus sprinkler irrigation are most likely due to the direction of the water movement. Th e soil samples were all taken within the crop row, and in furrow irrigated fi elds water moves laterally and upward into the row, minimizing downward movement of the herbicide (Butters et al., 2000) . In contrast, water tends to move downward with the overhead sprinkler, although the amount of downward movement depends on evapotranspiration and the amount of irrigation (Butters et al., 2000) . Fermanich et al. (1996) found there was more downward movement of atrazine under surplus irrigation versus irrigation applied according to water balance. Butters et al. (2000) found no aff ect of the type or amount of irrigation on the movement of atrazine in furrowand sprinkler-irrigated corn. Troiana et al. (1993) reported that atrazine leached less in sprinkler versus furrow irrigation. Th ey attributed the diff erences in the movement to the amount of water applied. In their research, although the same total amount of water was applied with the sprinkler and furrow irrigation, the sprinkler applications were made more frequently, resulting in more evaporation and less water available for deep water percolation. In our plots, diff erences in water movement between furrow versus sprinkler irrigation were not measured. (Table 7) . Densities in the plots with prior atrazine use were signifi cantly higher (P < 0.06) compared with the plots without prior use in both fi elds. In 2008, there also were more grasses in the two continuous corn systems with prior atrazine use than the treatment without prior atrazine use. However, plots with a sunfl ower-wheat-corn rotation and atrazine use in 2006 (CSWC-DI) did not have any grasses. Pigweed was present only in the CCC-FI treatment in 2008. An eff ect on enhanced degradation on pigweed populations may not have been observed in 2008 with overall low densities due to application of metalochlor.
Weed Counts
Th e weed counts are additional evidence of enhanced atrazine degradation, although the weed populations could have varied among treatments if the initial seed bank size diff ered among treatments or if crop rotation or amount of irrigation infl uenced the size of the seed bank over the previous 2 yr. Th e seed bank of SWC-DI treatment (no prior atrazine use) was not likely to be smaller than the seed banks of CCC-FI and CCC-DI in 2007 based on weed populations observed in the sunfl ower crop that followed the corn crop of SWC-DI in 2007. On the same day that we counted weeds in corn in 2008, pigweed density in the sunfl ower crop was 1.92 plants Table 6 . Half-life (T 1/2 ) of atrazine in soils from diff erent cropping patterns in laboratory †.
Atrazine degradation (T 1/2 )
Cropping pattern
0.6c 0.4c 1.5c SWC-DI 5.1a 3.1a 1.2c CSWC-DI 3.8b WFWC-NP 9.3c † Values followed by the same letter within a column are not signifi cantly diff erent (P < 0.05). ‡ CCC-DI, continuous corn, defi cit irrigated; CCC-FI, continuous corn, fully irrigated; CSWC-DI, corn-sunfl ower-wheat-corn, defi cit irrigated; SWC-DI, sunfl ower-wheat-corn, defi cit irrigated; WFWC-NP, wheat-fallow-wheatcorn, natural precipitation.
, and grass density was 1.7 plants m −1 row −1
. Diff erences are also unlikely due to tillage or to irrigation infl uencing the percent of the seed bank emerging during the current season. Tillage was limited in CCC-DI and SCW-DI but not in CCC-FI, and no irrigation was applied in any treatment before the weed counts.
Conclusions
Th e results from this work show that cropping pattern has a major eff ect on atrazine dissipation and movement. Th e herbicide dissipated more quickly and moved much less in the soil profi le of plots that had received previous atrazine treatment. Th e results suggest that the use of atrazine increased the ability of the soil microorganisms to degrade the herbicide. Th is phenomenon has been documented in commercial fi elds in Colorado ). It appears that only one application of atrazine was needed to promote degradation and that the effect can last for at least 3 yr after a single application based on the dissipation of atrazine in the plots that had received only one application of atrazine in 2005. Th ere were major diff erences in the movement of atrazine in the top 30 cm of the soil profi le. Th e greatest movement occurred in plots that had wheat growing the year before atrazine application and that had no previous atrazine treatments. Th is greater movement is probably due to the slower rate of atrazine degradation. Th ese results show that it is important to understand how changing cropping systems aff ects the activity, dissipation, and movement of pre-emergent herbicides, such as atrazine. Th ese diff erences could aff ect not only herbicide effi cacy but also the potential for leaching into the soil profi le. Th ese results also indicate that cropping pattern and herbicide use history are more important than irrigation amounts in determining atrazine behavior. § CCC-DI, continuous corn, defi cit irrigated; CCC-FI, continuous corn, fully irrigated; CSWC-DI, corn-sunfl ower-wheat-corn, defi cit irrigated; SWC-DI, sunfl ower-wheat-corn rotation, fully irrigated; WFWC-NP, wheat-fallowwheat-corn, natural precipitation. ¶ P value for signifi cant diff erence from the treatment without a history of atrazine use in that fi eld.
